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INVESTIGATIONS OF THE NEUTRAL COMPOSITION OF 
THE UPPER ATMOSPHERE 

SUMMARY 535’0 7 
A Nike-Apache r o c k e t  d e s i g n a t e d  14.62 UA was launched  a t  15:43 

EST on March 18 ,  1965,  from Wallops I s l a n d ,  V i r g i n i a .  The payload  

c o n s i s t e d  of a P a u l  m a s s e n f i l t e r  w i t h  an e l e c t r o n  gun i o n  s o u r c e  

look ing  o u t  t h e  nose  o f  t h e  r o c k e t  and a magnet ic  s p e c t r o m e t e r  

which examined ambient i o n s  l o o k i n g  o u t  t h e  s i d e  o f  t h e  r o c k e t ,  

Also i n c l u d e d  were a magnet ic  and a s o l a r  a s p e c t  s e n s o r  t o  pro-  

v i d e  v e h i c l e  o r i e n t a t i o n  d a t a  th roughou t  t h e  f l i g h t .  

r eached  a peak a l t i t u d e  o f  158 km, and d u r i n g  i t s  free f a l l  time, it 

The r o c k e t  

had a s p i n  ra te  of 5.94 cps  and a p r e c e s s i o n  p e r i o d  of 37 seconds .  

A power s u p p l y  f a i l u r e  obscu red  t h e  d a t a  e x c e p t  f o r  a 25 second 

window n e a r  apogee,  Both s p e c t r o m e t e r s  f u n c t i o n e d  w e l l  d u r i n g  t h i s  

p e r i o d  and ,  on t h e  whole,  r easonab le  agreement w i t h  p r e v i o u s  work 

was achieved .  Anomalously l a r g e  s i g n a l s  were o b t a i n e d  a t  mass 1 4  

i n  t h e  n e u t r a l  s p e c t r o m e t e r  and a t  mass 28 i n  t h e  i o n  s p e c t r o m e t e r ,  
+ 

These anomal ies  a r e  unexpla ined ,  



I N T R O D U C T I O N  

T h i s  r o c k e t  experiment  was performed as a p r e l u d e  t o  t h e  

development of a n e u t r a l  mass-spectrometer  f o r  u s e  i n  e a r t h  

s a t e l l i t e s .  The unique p a r t  of t h e  s a t e l l i t e  i n s t r u m e n t ,  t h e  

i o n  s o u r c e ,  c o u l d  n o t  be t e s t e d  because  i t s  o p e r a t i o n  depends 

on t h e  h i g h  v e l o c i t y  of t h e  s a t e l l i t e .  N e v e r t h e l e s s ,  it was 

f e l t  t h a t  t h e  r o c k e t  s h o t  would prove  t o  be a u s e f u l  e x e r c i s e  

i n  which s e v e r a l  o b j e c t i v e s  might b e  a c h i e v e d ,  namely: 

1) Demonstrate t h e  f l i g h t  w o r t h i n e s s  of  a P a u l  mass-spectrometer  

c o n s t r u c t e d  a t  t h e  Southwest C e n t e r  for Advanced S t u d i e s .  

2 )  Demonstrate t h e  f l i g h t  w o r t h i n e s s  o f  a magnet ic  mass- 

s p e c t r o m e t e r  c o n s t r u c t e d  a t  t h e  Southwest C e n t e r  f o r  Advanced 

S t u d i e s .  

3 )  Demonstrate t h e  f l i g h t  w o r t h i n e s s  of a Bendix m u l t i p l i e r  

used  as a pr imary c u r r e n t  d e t e c t o r .  

4)  Measure t h e  a rgon- to-n i t rogen  c o n c e n t r a t i o n  r a t i o  a s  a 

f u n c t i o n  of a l t i t u d e .  

5 )  Measure t h e  r e l a t i v e  e f f i c i e n c y  of a draw-in e l e c t r i c  

f i e l d  f o r  v a r i o u s  ambient  i o n s .  

6 )  P r o v i d e  a n o t h e r  measurement o f  t h e  E-region i o n  composi- 

t i o n  v e r s u s  a l t i t u d e .  

The magnet ic  s p e c t r o m e t e r  was added t o  t h e  experiment  as an 

a f t e r t h o u g h t  since t h e  ins t rument  had been almost c a z p l e t e l y  

developed and because t h e  s a t e l l i t e  i o n  s o u r c e  c o u l d  b e  used 

e q u a l l y  w e l l  w i t h  e i t h e r  a magnet ic  o r  quadrupole  a n a l y z e r .  



INSTRUMENTS 
~ ~~ 

The n e u t r a l  s p e c t r o m e t e r ,  i n c l u d i n g  t h e  i o n  s o u r c e ,  weighed 

8 lbs. and used  about  8 watts ave rage  power. I t  had a mass r ange  

from 8 AMU t o  45 AMU. T h e  use of an ox ide  c o a t e d  ca thode  was 

p r i n c i p a l l y  r e s p o n s i b l e  f o r  t h e  lower  power consumption ( 3  1 / 2  

wat ts)  o f  t h e  i o n  s o u r c e ,  

The magne t i c  i on - spec t romete r  weighed 5 l b s .  and used  3 watts 

ave rage  power. The lesser p h y s i c a l  r e q u i r e m e n t s  of t h e  ion-  

s p e c t r o m e t e r  were due t o  t h e  fac t  t h a t  no i o n  s o u r c e  was r e q u i r e d  

f o r  t h i s  i n s t r u m e n t .  

70 AMU, was used  f o r  t h e  ion s p e c t r o m e t e r ,  I t  was f e l t  d e s i r a b l e  

t o  look a t  least  as h igh  as mass 56, s i n c e  i r o n  had p r e v i o u s l y  been 

r e p o r t e d  as an E-region i o n ,  

A somewhat l a r g e r  mass-range,  from 11 AMU t o  

Both i n s t r u m e n t s  had mass-sweep p e r i o d s  of approximate ly  5 

seconds  d u r a t i o n ,  which is more t h a n  a d e q u a t e l y  s h o r t  for s a t e l l i t e  

o p e r a t i o n ,  b u t  is q u i t e  marg ina l  €or  r o c k e t  work, Only one i n s t r u -  

ment cou ld  be mounted looking  fo rward ,  and t h e  n e u t r a l  s p e c t r o m e t e r  

had t o  be chosen for t h i s  because of i t s  g r e a t e r  o v e r - a l l  l e n g t h .  

Thus t h e  i o n  s p e c t r o m e t e r  r e s u l t s  were contaminated  by s p i n  modula- 

t i o n ,  which is somewhat of a mixed b l e s s i n g ,  

d a t a  r e d u c t i o n ,  i t  a l l o w s  some i n f o r m a t i o n  on t h e  p r o p e r t i e s  o f  t h e  

plasma wake t o  be ga ined .  

FLIGHT OPERATION 

While i t  c o m p l i c a t e s  

P r i o r  t o  l aunch  t h e  payload s e c t i o n  o f  t h e  r o c k e t  was ma in ta ined  

a t  a s l i g h t  o v e r p r e s s u r e  wi th  c l e a n  d r y  a i r ,  T h i s  s t e p  was t a k e n  t o  



keep water from condensing anywhere i n  t h e  sys tem,  so t h a t  out-  

g a s s i n g  c o u l d  o c c u r  more r a p i d l y ,  

w e l l  i n s i d e  t h e  ground-dayl ight  window r e q u i r e d ,  A t  T = t 5 0  

seconds ,  t h e  nose  cone and s i d e  door  s e p a r a t e d  s u c c e s s f u l l y ,  A t  

T = +90 seconds  t h e  power t o  t h e  i n s t r u m e n t s  was t u r n e d  on. The 

t e l e m e t r y  d a t a  i n d i c a t e d ,  a f te r  power t u r n  o n ,  t h a t  n e i t h e r  s p e c t r o -  

meter was o p e r a t i n g  p r o p e r l y ,  Both i n s t r u m e n t s  were a f f e c t e d  i n  

t h e  same manner, i . e .  ex t remely  h i g h  n o i s e  l e v e l  on t h e  e l e c t r o m e t e r  

The l a u n c h  o c c u r r e d  a t  15:43, 

and m i s t r i g g e r i n g  of t h e  sweep c i r c u i t .  The m a l f u n c t i o n i n g  of b o t h  

i n s t r u m e n t s  c e a s e d  s i m u l t a n e o u s l y  j u s t  p a s t  apogee,  and b o t h  i n s t r u -  

ments  o p e r a t e d  normal ly  for a p e r i o d  of approximate ly  25 seconds.  

A t  t h i s  p o i n t  t h e  m a l f u n c t i o n i n g  of b o t h  i n s t r u m e n t s  r e o c c u r r e d  

s i m u l t a n e o u s l y  and cont inued  f o r  t h e  remainder  of t h e  f l i g h t ,  

The only  i t e m  common t o  both  i n s t r u m e n t s  which could have 

caused t h e  s i m u l t a n e o u s  m a l f u n c t i o n i n g  was t h e  power i n v e r t e r ,  By 

c a r e f u l  s t u d y  of t h e  t e l e m e t r y  d a t a  and t h e  c i r c u i t s  used i n  t h e  

s p e c t r o m e t e r s ,  it h a s  been concluded t h a t  t h e  r e g u l a t e d  -12.6 v o l t  

o u t p u t  of  t h e  i n v e r t e r  was f u n c t i o n i n g  improper ly .  The i n v e r t e r  

was on up t o  t h e  i n s t a n t  of launch and was o p e r a t i n g  p r o p e r l y ,  The 

i n v e r t e r  was off d u r i n g  t h e  p e r i o d  between T = 0 and T = +90 s e c o n d s ,  

a t  which time t h e  mal func t ioning  was f i rs t  observed .  

RESULTS 

Ne u t  r a l  Spec t rometer  

The power s u p p l y  f a i l u r e  p r e c l u d e d  t h e  measurement of t h e  argon-  

t o - n i t r o g e n  r a t i o  as a f u n c t i o n  of  a l t i t u d e ,  which was one of t h e  



p r i n c i p l e  s c i e n t i f i c  o b j e c t i v e s  of t h i s  experiment  . 
o b t a i n e d  o n l y  i n  t h e  a l t i t u d e  i n t e r v a l  from 154.5 km t o  158 km, 

and no  a p p r e c i a b l e  d i f f e r e n c e  i n  t h e  peak a m p l i t u d e s  o c c u r r e d  on 

t h e  4 s p e c t r a  o b t a i n e d .  One o f  t h e s e  s p e c t r a  is shown i n  F i g u r e  

1, where it can be s e e n  t h a t  s i x t e e n  d i f f e r e n t  mass peaks  are 

p r e s e n t .  Many of t h e s e  peaks are undoubtedly due t o  g a s e s  a s s o c i a t e d  

w i t h  t h e  r o c k e t  and n o t  w i t h  t h e  ambient atmosphere.  The i d e n t i f i -  

c a t i o n  of which peaks are "real" and which are due t o  " i m F u r i t i e s "  

i s  s e v e r e l y  hampered by t h e  l a c k  of complete upleg  and downleg 

d a t a .  

Data were 

In t h e  i n t e r p r e t a t i o n  of t h e  d a t a ,  no  c o r r e c t i o n  f o r  ram 

p r e s s u r e  effects  w i l l  be inc luded .  A t  t h e  time d a t a  were r e c o r d e d ,  

t h e  v e l o c i t y  v e c t o r  was n e a r l y  normal  t o  t h e  rocket a x i s ;  t h i s  fac t  

t o g e t h e r  w i t h  t h e  v e r y  open s t r u c t u r e  of  t h e  payload  t e n d e d  t o  

p r e v e n t  a p r e s s u r e  enhancement i n  t h e  s o u r c e  r e g i o n .  

I f  t h e  mass 28 peak i s  a t t r i b u t e d  e n t i r e l y  t o  N t h e  concen- 2 '  

t r a t i o n  of N 

( d l 5 8  km) .  

e t  a l .  a t  0730 J u n e  6 ,  1965 ,  a t  WSMR. The good agreement i s  f o r t u -  

i t o u s  s ince t h e  o v e r a l l  accuracy  of o u r  measurement i s  probably  n o t  

b e t t e r  t h a n  2 50%. 

The mass 1 4  peak i s  too l a r g e  t o  be a s c r i b e d  t o  t h e  d i s -  

is found t o  be 1.55 x l o l o  cm-3 a t  t h i s  a l t i t u d e  
2 

T h i s  a g r e e s  w i t h i n  10% w i t h  t h e  v a l u e  o b t a i n e d  by Nier 

s o c i a t i v e  i o n i z a t i o n  of N 2  by t h e  e l e c t r o n  beam, which y i e l d s  a 

c u r r e n t  r a t i o  of [ 1 ( 2 8 ) / 1 ( 1 4 ) ]  = 8 accord ing  t o  our  l a b o r a t o r y  C a l i -  

b r a t i o n  w i t h  pure  N 2 .  Hence we must conclude t h a t  a s u b s t a n t i a l  



f r a c t i o n  of t h e  1 4  peak is  due t o  an i m p u r i t y  CCH 

i s  a p p r e c i a b l e  d i s a s s o c i a t i o n  o f  m o l e c u l a r  n i t r o g e n  i n  t h e  atmosphere.  

The l a t t e r  i n t e r p r e t a t i o n  would lead t o  an N c o n c e n t r a t i o n  o f  

4.65 x 10 c m  , which seems unreasonably  l a r g e  i n  view o f  o t h e r  

a tmospher ic  measurements ( e . 6 ,  Nier e t  a l . ,  1 9 6 4 ) .  

7 1  or  t h a t  t h e r e  2 

9 - 3  

The mass 16  peak y i e l d s  a p a r t i c l e  c o n c e n t r a t i o n  of 101°/cm3 9 

i f  t h e  s i g n a l  i s  c o n s i d e r e d  t o  b e  due s o l e l y  t o  a t m o s p h e r i c  a tomic  

oxygen. Allowances must b e  made, however, f o r  t h e  p r o d u c t i o n  of 0 

from d i s s o c i a t i v e  i o n i z a t i o n  of II 0 ,  0 and CO.  The amount of CO 

p r e s e n t  is  unknown, b u t  t h e  c o r r e c t i o n  fo r  t h e  water vapor  is 

s u f f i c i e n t  t o  account  f o r  70% of t h e  observed  16 peak,  w h i l e  t h e  

c o r r e c t i o n  f o r  0 amounts t o  a n o t h e r  18%. Thus t h e  0 c o n c e n t r a t i o n  

i n  t h e  s o u r c e  r e g i o n  was only of t h e  o r d e r  of 10  c m  , which is a 

fac tor  of 5 less t h a n  t h e  a tmospher ic  c o n c e n t r a t i o n  as measured by 

Nier e t  a l .  

+ 

2 2 '  

2 
9 -3 

The 0 c o n c e n t r a t i o n  i n  t h e  s o u r c e  d e r i v e d  from t h e  32 peak 2 
9 - 3  9 -3 is 8 x 1 0  c m  , compared t o  1 . 5  x 1 0  cm o b t a i n e d  by Nier e t  a l ,  

Most of t h i s  g a s  undoubtedly arises from t h e  recombina t ion  of a t o n i c  

oxygen on v a r i o u s  p a r t s  of t h e  s t r u c t u r e ,  l e a d i n g  t o  a s u b s t a n t i a l  

r e d u c t i o n  of  atomic oxygen i n  t h e  i n s t r u m e n t  source .  A l l  i n  a l l ,  

it would a p p e a r  t h a t  t h e  t o t a l  amount of oxygen, b o t h  a t o m i c  and 

m o l e c u l a r ,  was perhaps  somewhat l a r g e r  t h a n  might  have been e x p e c t e d ,  

b u t  n o t  by more t h a n  a f a c t o r  of two. 

C o n s i d e r i n g  t h e  d i f f i c u l t i e s  of making measurements i n  t h i s  r e g i o n ,  



t h e  s i m p l i c i t y  o f  t h e  s o u r c e  d e s i g n ,  and  t h e  l a c k  o f  complete u p l e g  

and downleg d a t a ,  t h e  r e s u l t s  appear  t o  be q u i t e  r e a s o n a b l e  

except  f o r  t h e  anomalously l a r g e  v a l u e  of t h e  mass 1 4  peak. 

t O f  t h e  many o t h e r  mass peaks shown i n  F i g u r e  1, only  3H 

2 
+ 

and H 0 

fo r  t h e  o t h e r s  are:  

can be i d e n t i f i e d  with any c e r t a i n t y .  Reasonable c h o i c e s  

t 
CH3 15 - 

27 - (HCN' ) 
t 

C2H3 

(A', MgO') t 
40 - C3H4 

t 
4 1  - C3H5 

t ( C o l i +  ) 4 3  - C ~ H ~  t ( c ~ H ~ o H + ,  ALO+, CNOH+) C2H5 29 - 
31 - C H ~ O H +  

39 - C 3 H 3 '  

+ t 
44  - c p 8  (co2 , N ~ o + ,  C ~ H ~ O H + )  

45 - C ~ H ~ O H +  ( C O O H + )  

I t  is r a t h e r  u n l i k e l y  t h a t  any of t h e  above s p e c i e s  e x i s t  i n  

d e t e c t a b l e  q u a n t i t i e s  as components of t h e  ambient atmosphere.  

Some of them probably  a r i s e  from t h e  d i s s o c i a t i v e  i o n i z a t i o n  o f  

h e a v i e r  molecules ;  t h e  r e s u l t s  of t h i s  exper iment ,  however, cannot  

shed  any l i g h t  on t h i s  p o s s i b i l i t y .  

Ion Spec t rometer  

The i o n  s p e c t r o m e t e r  f u n c t i o n e d  v e r y  w e l l  b u t ,  as i n  t h e  c a s e  

of t h e  n e u t r a l  d e v i c e ,  d a t a  were o b t a i n e d  only  o v e r  a l i m i t e d  time 

i n t e r v a l  and were c o n f i n e d  t o  t h e  a l t i t u d e  r e g i o n  from 154  km t o  

158 km. One of t h e  f i v e  spectra o b t a i n e d  is  shown i n  F i g u r e  1. 

The n o i s e  l e v e l  of  t h e  ins t rument  i s  an o r d e r  of magnitude worse 

t h a n  p r e f l i g h t  c o n d i t i o n s ,  presumably because of i n a d e q u a t e  s h i e l d i n g  

of t h e  m u l t i p l i e r  d e t e c t o r  from i o n o s p h e r i c  p a r t i c l e s  which bypass  



t h e  magnet ic  a n a l y z e r .  

as open as p o s s i b l e  for r a p i d  o u t g a s s i n g ,  and though charged 

p a r t i c l e  t r a p s  were used t o  guard t h e  d e t e c t o r ,  t h e y  were n o t  

s u f f i c i e n t l y  e f f e c t i v e ,  The n o i s e  does n o t  a p p e a r  t o  be s p i n  

modulated as would be expec ted  i f  s o l a r  r a d i a t i o n  were r e s p o n s i b l e ,  

The e n t i r e  payload  s e c t i o n  had been made 

The p r i n c i p a l  i o n s  observed had masses o f  30, 32 ,  1 6 ,  28,  and 

Both t h e  a b s o l u t e  i o n  1 8  AMU (assuming t h e y  were s i n g l y  c h a r g e d ) ,  

c u r r e n t s  and t h e  ra t ios  of t h e  c u r r e n t s  f o r  d i f f e r e n t  masses v a r i e d  

from s p e c t r a  t o  s p e c t r a .  The a b s o l u t e  c u r r e n t s  were modulated q u i t e  

s t r o n g l y  ( a  f a c t o r  o f  t h e  o r d e r  of f i v e )  as t h e  draw-in p o t e n t i a l  

o f  t h e  first g r i d  was changed from - 2  t o  -8 v o l t s  on a l t e r n a t e  

sweeps,  

caused  changes of  t h e  o r d e r  of  a f a c t o r  o f  f i v e  i n  i o n  c u r r e n t  

depending on whether  t h e  s p e c t r o m e t e r  opening was f a c i n g  i n t o  or 

l o o k i n g  away from t h e  v e h i c l e  v e l o c i t y  v e c t o r ,  

The i o n  peaks  were f u r t h e r  modulated by v e h i c l e  s p i n ,  which 

I n  s p i t e  of t h e s e  ra ther  l a r g e  changes i n  c u r r e n t  r a t i o s  

between s p e c t r a ,  t h e  average i o n  composi t ion g i v e n  below does n o t  

a p p e a r  t o  be u n r e a s o n a b l e  f o r  t h e  t h r e e  major  peaks.  However, t h e  

i o n  c u r r e n t s  at  masses o t h e r  t h a n  30, 32,  and 1 6  are anomalously 

h i g h e r  t h a n  t h e  v a l u e s  g iven  by Johnson e t  a l .  f o r  daytime c o n d i t i o n s .  

Some of  t h e s e  i o n s  no  doubt a r i s e  from r e a c t i o n s  between ambient 

i o n s  and t h e  v e h i c l e  g a s e s ,  If t h e  28 peak is due t o  N , it cannot  

b e  e x p l a i n e d  i n  t h i s  manner, 

ions  could  e s c a p e  from t h e  s o u r c e  r e g i o n  of t h e  n e u t r a l  s p e c t r o m e t e r ,  

+ 
2 

+ 
2 It i s  a l s o  d i f f i c u l t  t o  see how N 
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I 30 5 5  

I 32  28 

I 16 8 

I 2a  5 

I l8 2 

O t h e r s  
( 1 3 ,  2 4 ,  26 

34 ,  E, 3 6 )  

2 

+ 
y e t  one i s  r e l u c t a n t  t o  a c c e p t  such  h i g h  ambient N 

t i o n s  i n  view of t h e  r a p i d  r e a c t i o n s  a v a i l a b l e  f o r  N 

a t  t h i s  a l t i t u d e .  

c o n c e n t r a -  2 
+ d e s t r u c t i o n  2 

The a c t u a l  i o n  c o n c e n t r a t i o n s  are d i f f i c u l t  t o  d e r i v e  from 

t h e  p r e s e n t  d a t a  because  s o  f e w  s p e c t r a  are a v a i l a b l e  t h a t  e f f ec t s  

of v e h i c l e  a s p e c t  cannot  be s o r t e d  o u t .  

t ime had been o b t a i n e d ,  it i s  clear t h a t ,  w i t h  a r a p i d l y  s p i n n i n g  

( 6  r p s  i n  tnis c a s e )  v e h i c l e ,  it i s  e s s e n t i a l  t o  do one o f  two t h i n g s :  

1) sweep through t h e  spectrum more r a p i d l y ,  o r  2 )  mount t h e  s p e c t r o -  

meter on f r o n t  of t h e  v e h i c l e  t o  e l i m i n a t e  t h e  r o l l  modula t ion ,  

Choosing 1) would g i v e  somewhat reduced s e n s i t i v i t y ,  s i n c e  t h e  band- 

wid th  of t h e  i n s t r u m e n t  and hence t h e  n o i s e  i n  t h e  i n s t r u m e n t  would 

have t o  be i n c r e a s e d .  Also, g r e a t e r  telemetry bandwidth would be 

r e q u i r e d  ( t h i s  is n o t  u s u a l l y  a r e s t r i c t i o n  on a r o c k e , t ) .  On t h e  

Even i f  more d a t a  a q u i s i t i o n  



o t h e r  hand,  t h e  h e i g h t  r e s o l u t i o n  of t h e  d a t a  would a lso be 

i n c r e a s e d .  

are  eas ie r  t o  a n a l y z e  b u t  i t  would r e q u i r e  prime payload  space  

which might  n o t  be a v a i l a b l e  ( i t  w a s  n o t  a v a i l a b l e  i n  t h i s  f l i g h t ) .  

CONCLUSIONS 

Choosing 2 )  would g i v e  maximum s e n s i t i v i t y  d a t a  which 

I n  s p i t e  of t h e  l i m i t e d  amount of u s e f u l  aeronomic i n f o r -  

mat ion  g a i n e d  from t h i s  f l i g h t ,  t h e  s h o t  must be c o n s i d e r e d  more 

t h a n  j u s t  a m a r g i n a l  s u c c e s s .  The f o l l o w i n g  items are c o n s i d e r e d  

noteworthy.  

a )  

w i t h  power. 

Both s p e c t r o m e t e r s  f u n c t i o n e d  w e l l  when p r o p e r l y  s u p p l i e d  

b )  The very  low power i o n  s o u r c e  ( o x i d e  c a t h o d e )  which 

was a c t i v a t e d  i n  f l i g h t  worked w e l l  and shows promise f o r  s a t e l l i t e  

a p p l i c a t i o n .  

c) The first s u c c e s s f u l  mat ing  of  a f l i g h t  mass-spec t rometer  

w i t h  an  i o n  ( e l e c t r o n )  m u l t i p l i e r  d e t e c t o r  was achieved ,  

d )  I t  was l e a r n e d  t h a t  t h e  i o n  c u r r e n t  c o l l e c t e d  was a 

s e n s i t i v e  f u n c t i o n  of t h e  draw-in e l e c t r i c  f i e l d .  

S e v e r a l  a s p e c t s  of t h e  i n s t r u m e n t a t i o n  would be a l t e r e d  i f  

a s imilar  payload were t o  be launched aga in .  

A much fas ter  (by a t  l ea s t  a f a c t o r  of 10) sweep ra te  would 

b e  adopted f o r  t h e  ion-spec t rometer ,  and b e t t e r  s h i e l d i n g  f o r  t h e  

m u l t i p l i e r  d e t e c t o r  would be p r o v i d e d ,  Also, w i t h  tne h i g h e r  

sweep r a t e ,  it would be p o s s i b l e  t o  have more v a r i a b i l i t y  i n  t h e  

draw-in e l ec t r i c  f i e l d ,  



The n e u t r a l  s p e c t r o m e t e r  would a l so  have i t s  sweep ra te  i n -  

c r e a s e d ,  b u t  by o n l y  a f a c t o r  o f  2 o r  3 ,  The a d d i t i o n  of a m u l t i -  

p l i e r  d e t e c t o r  would h e l p  t o  i n c r e a s e  i t s  u s e f u l n e s s  i n  looking  a t  

minor c o n s t i t u e n t s .  If t h e  n e u t r a l - s p e c t r o m e t e r  were t o  be used t o  

examine t h e  n e u t r a l  g a s  e n - t o t o ,  which was n o t  t h e  purpose of t h i s  

f l i g h t ,  it is e s s e n t i a l  t h a t  t h e  d e v i c e  b e  e v a c u a t e d  b e f o r e  f l i g h t  

and opened up a t  a l t i t u d e .  

c o n s i d e r e d ,  s i n c e  t h e  work  of  S c h a e f f e r  shows t h a t  t h i s  e l i m i n a t e s  

many of t h e  i m p u r i t i e s  seen by Nier e t  a l . ,  who f l e w  evacliated 

i n s t r u m e n t s  b u t  d i d  n o t  s e p a r a t e  them from t h e  r o c k e t .  Also,  it 

would be i m p o r t a n t  t o  extend t h e  mass range  down t o  4 A M U ,  s i n c e  

t h e  hel ium d i s t r i b u t i o n  is much more s e n s i t i v e  t h a n  t h e  a rgon  

d i s t r i b u t i o n  i n  p r o v i d i n g  i n f o r m a t i o n  about  a tmospher ic  mixing 

p r o c e s s e s .  

Even e j e c t i o n  from t h e  r o c k e t  s h o u l d  be 

The t r a i n i n g  and exper ience  g a i n e d  from t h i s  o p e r a t i o n  w i l l  

be very  h e l p f u l  i n  t h e  des ign  o f  more meaningfu l  exper iments  f o r  

f u t u r e  f l i g h t s ,  I t  i s  hoped t h a t  t h e  program can be pushed forward 

t o  t h e  u l t i m a t e  goal of making u s e f u l  a tmospher ic  mass-ccmposition 

measurements from a s a t e l l i t e .  
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Figure  1 

Ion and n e u t r a l  mass-spec t ra  t a k e n  j u s t  a f t e r  apogee. 

The t o p  h a l f  of t h e  r e c o r d  c o n t a i n s  t h e  ion - spec t romete r  d a t a  and 

t h e  lower  h a l f  c o n t a i n s  t h e  n e u t r a l  s p e c t r o m e t e r  d a t a .  The f o u r  

channe l s  on t h e  upper  h a l f  a r e ,  from t o p  t o  bot tom, 

1) Ion -cu r ren t  o u t p u t  from t h e  e l e c t r o m e t e r ,  

2 )  E l e c t r o m e t e r  range-monitor ,  Each upward increment  

d e c r e a s e s  t h e  e l e c t r o m e t e r  c u r r e n t  s e n s i t i v i t y  by a f a c t o r  

o f  approximate ly  t h e  s q u a r e  r o o t  o f  t e n .  

3 )  Vol tage  sweep of t h e  magne t i c  a n a l y z e r .  The v o l t a g e  

r ange  i s  from 800 v o l t s  t o  120 v o l t s .  

4 )  Draw-in e l e c t r i c  f i e l d  moni tor .  The p o s i t i o n  shown 

co r re sponds  t o  -8  v o l t s  on t h e  engrance  g r i d  t o  t h e  s p e c t r o m e t e r .  

The f i v e  channe l s  on t h e  lower h a l f  o f  t h e  r e c o r d  co r re sponds  t o ,  

from t o p  t o  bot tom, 

5 )  Cur ren t  o u t p u t  from t h e  e l e c t r o m e t e r .  

6 )  E l e c t r o m e t e r  range mon i to r  ( each  s t e p  a g a i n  shows a de- 

crease of t h e  s q u a r e  r o o t  of t e n  i n  s e n s i t i v i t y ) ,  

7) Monitor of t h e  s t r e n g t h  of t h e  quadrupole  e l e c t r i c  

f i e l d s  i n  t h e  m a s s e n f i l t e r ,  

8 )  Magnetic s e n s o r  ou tpu t .  

9 )  O p t i c a l  s e n s o r  ou tpu t .  


